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TITLE OF THE INVENTION 



GRINDING MACfflNE AND GMNDING FLUID SUPPLY-NOZZLE 
THEREFOR 

5 INCORPORAT ION BY RRFRRRNCR 

The present application claims priority under 35 U.S.C. §119 to Japanese 
Patent Application No. 2003-121492, filed on April 25, 2003. The content of that 
application is incorporated herein by reference in their entirety. 

10 BACKGROUND OF THR INVRNTOTN 

1 ■ Field of the Invention 

The present invention relates to a grinding machine which includes a nozzle 
for supplying grinding fluid or coolant to a grinding point where a grinding wheel 
contacts a workpiece. Hereinafter, "grinding fluid" represents each of the grinding 

15 fluid and the coolant. 

2. Description of the Related Art 

It is known for prior arts of a grinding machine shown in Figs. 1(A) and 1(B), 
identified as first and second prior arts respectively. The grinding machine rotates a 
crankshaft W around the axis of a journal J of the crankshaft W, and grinds a 

20 revolving pin portion P of the crankshaft W by means of advancing/retracting a 

grinding wheel G adjusted to the eccentricity of the pin portion P by its revolution. 
Because of the revolution of the pin portion P corresponding to the rotational angle of 
the journal J, a grinding point K, where the grinding wheel G contacts the pin portion 
P, always moves according to the prior art of the grinding machine. 

25 A nozzle 10 or 20 for supplying grinding fluid to the grinding point K is fixed 

on a wheel head 5 and advances/retracts therewith. The nozzle 10 shown in Fig. 
4(A), called "straight-nozzle", directly supplies the grinding fluid to the grinding 



point K of which pin portion P exists at the angle of 0 degree or 180 degrees across 
the direction of movement of the grinding wheel G at a right angle. The nozzle 20 
shown in Fig. 4(B), called "right angle-nozzle", supplies the grinding fluid to the 
surface of the grinding wheel G at a right angle upstream the grinding point K and 
pastes the fluid on the surface of the grinding wheel G. However, since the grinding 
point K moves as shown in Figs. 4(A) and 4(B) by the revolving pin portion P, fixed 
straight-nozzle 10 or right angle-nozzle 20 hardly supplies enough grinding fluid to 
the moving grinding point K thereby to supply large quantities of the fluid thereto. 

To resolve the above-mentioned problem, third prior art is proposed, Japanese 
Patent Laid Open No. 2000-108032 shown in Fig. 5, of which object is to supply the 
grinding fluid as small quantities as possible to the grinding point K and to cool down 
thereat efficiently. According to this prior art, two nozzles, the straight-nozzle 10 
and the right angle-nozzle 20, are disposed on the wheel head 5 so that the nozzles 10, 
20 advance/retract therewith. The straight-nozzle 10 directly supplies the grinding 
fluid to the grinding point K at which the grinding wheel G contacts the workpiece W, 
and the right angle-nozzle 20 supplies the grinding fluid to the surface of the grinding 
wheel G at a right angle upstream the grinding point K. 

According to the third prior art, the wheel head 5 advances/retracts with both 
of the straight-nozzle 10 and the right angle-nozzle 20 in order to supply the grinding 
fluid as small quantities as possible. However, where the diameter of the grinding 
wheel G has become smaller because of its abrasion in relation to grinding, the 
grinding point K shifts so that the straight-nozzle 10 hardly supplies the grinding fluid 
thereto. Further, enough grinding fluid may not be supplied to the grinding point K 
by the straight-nozzle 10 because of the resistance of air flow following the surface of 
the grinding wheel G, unless the grinding fluid to be supplied is pressurized. Thus, a 
grinding fluid supply source has to become larger in order to supply large quantities 
of the grinding fluid or higher in pressure to pressurize the fluid to be supplied. 

Further according to the third prior art, the right angle-nozzle 20 is mounted at 
a height in the machine to prevent the workpiece W or a jig from interfering, so that 
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there exists a long distance between the grinding point K and the surface of the 
grinding wheel G where the grinding fluid is supplied. Therefore, large quantities of 
the grinding fluid are supplied to the grinding point K in order to compensate for 
insufficiency of the supply quantities relative to the position of the nozzle 20. 
5 Furthermore, bending the tip of the nozzle 20 at an angle of 90 degrees, the flow of 
the grinding fluid through the nozzle 20 falls into disorder so that the grinding fluid 
splashes radially at the opening of the nozzle 20 when the fluid has spouted. Thus, it 
costs to provide a facility to reduce the mist of the splashed grinding fluid. 
Moreover, since the grinding fluid spouts from the right angle-nozzle 20 to the 
10 abrasive surface of the grinding wheel G at a right angle, the rotation of the grinding 
wheel G is disturbed by right angle-fluid so as to increase torque of a motor attached 
to a spindle of the grinding wheel G. 

SUMMARY QF THE TNVRNTTQN 
15 In view of the previously mentioned circumstances, it is an object of the 

present invention to provide a grinding machine and a grinding fluid supply-nozzle 
therefor which can reduce grinding fluid, even if a grinding point shifts in relation to 
rotation of a workpiece or abrasion of a surface of the grinding wheel. 

It is second object of the present invention to provide a grinding machine 
20 which is able to reduce torque of a motor attached to a spindle of a grinding wheel 
and a grinding fluid supply-nozzle therefor. 

It is third object of the present invention to provide a grinding machine which 
is able to minimize a grinding fluid supply source and a grinding fluid supply-nozzle 
therefor. 

25 It is fourth object of the present invention to provide a grinding machine 

which is able to reduce cost for a facility to reduce mist of the grinding fluid and a 
grinding fluid supply-nozzle therefor. 

In order to achieve the above and other objects, the present invention provides 
a grinding machine comprising: 



a work spindle for rotating a journal portion of a workpiece; 

a wheel head for advancing/retracting to said workpiece; 

a grinding wheel carried rotatably by said wheel head and for grinding an 
eccentric portion of said workpiece; and 

a grinding fluid supply-nozzle for supplying grinding fluid to a grinding point 
where said grinding wheel contacts said eccentric portion of said workpiece; 

wherein said grinding point moves from a plane including axes of said work 
spindle and said grinding wheel; 

wherein said grinding fluid supply-nozzle is made from a curve portion, an 
opening and therebetween a straight portion; 

wherein said grinding fluid supply-nozzle spouts said grinding fluid to a 
grinding fluid supply point maintained its position upstream said grinding point, even 
in the case that said grinding wheel has been abraded up; and 

wherein the angle between the tangent of said grinding fluid supply point and 
said grinding fluid spouted from said grinding fluid supply-nozzle is smaller than a 
right angle. 

Second aspect of the present invention is that the grinding machine comprises: 

a work spindle for rotating a journal portion of a workpiece; 

a wheel head for advancing/retracting to said workpiece; 

a grinding wheel carried rotatably by said wheel head and for grinding an 
eccentric portion of said workpiece; and 

a grinding fluid supply-nozzle for supplying grinding fluid to a grinding point 
where said grinding wheel contacts said eccentric portion of said workpiece; 

wherein said grinding point moves from a plane including axes of said work 
spindle and said grinding wheel; 

wherein said grinding fluid supply-nozzle is made from a curve portion and a 
taper portion; 



wherein said grinding fluid supply-nozzle spouts said grinding fluid to a 
grinding fluid supply point maintained its position upstream said grinding point, even 
in the case that said grinding wheel has been abraded up; and 

wherein the angle between the tangent of said grinding fluid supply point and 
said grinding fluid spouted from said grinding fluid supply-nozzle is smaller than a 
right angle. 

Third aspect of the present invention is that a grinding fluid supply-nozzle for 
a grinding machine comprising a curve portion, an opening and therebetween a 
straight portion; and 

wherein said grinding fluid supply-nozzle supplies grinding fluid to a grinding 
point where a grinding wheel contacts an eccentric portion of a workpiece; 

wherein said grinding point moves from a plane including rotational axes of 
said workpiece and said grinding wheel; 

wherein said grinding fluid supply-nozzle spouts said grinding fluid to a 
grinding fluid supply point maintained its position upstream said grinding point, even 
in the case that said grinding wheel has been abraded up; and 

wherein the angle between the tangent of said grinding fluid supply point and 
said grinding fluid spouted from said grinding fluid supply-nozzle is smaller than a 
right angle. 

Forth aspect of the present invention is that a grinding fluid supply-nozzle for 
a grinding machine comprising a curve portion and a taper portion; and 

wherein said grinding fluid supply-nozzle supplies grinding fluid to a grinding 
point where a grinding wheel contacts an eccentric portion of a workpiece; 

wherein said grinding point moves from a plane including rotational axes of 
said workpiece and said grinding wheel; 

wherein said grinding fluid supply-nozzle spouts said grinding fluid to a 
grinding fluid supply point maintained its position upstream said grinding point, even 
in the case that said grinding wheel has been abraded up; and 
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wherein the angle between the tangent of said grinding fluid supply point and 
said grinding fluid spouted from said grinding fluid supply-nozzle is smaller than a 
right angle. 

5 BRIEF DESCR TPTTON OF THR PR AWTNGS 

Various other objects, features and many of the attendant advantages of the 
present invention will be readily appreciated as the same becomes better understood 
by reference to the following detailed description of the preferred embodiments when 
considered in connection with the accompanying drawings, in which: 
10 Fig. 1(A) is an outline of a side view of a grinding machine according to first 

prior art; 

Fig. 1(B) is an outline of a side view of a grinding machine according to 
second prior art; 

Fig. 2 is an outline of a side view of a grinding machine according to third 
15 prior art; 

Fig. 3 is an outline of a side view of a grinding machine according to the 
present invention; 

Fig. 4(A) is a side view of a grinding fluid supply-nozzle attached to the 
grinding machine according to first embodiment of the present invention; 
20 Fig. 4(B) is a section view of a spout of the grinding fluid supply-nozzle 

shown in Fig. 4(A); 

Fig. 5(A) is a side view of a grinding fluid supply-nozzle attached to the 
grinding machine according to second embodiment of the present invention; 

Fig. 5(B) is a section view of a spout of the grinding fluid supply-nozzle 
25 shown in Fig. 5(A). 



DETAILED DF^SCRTPTION OF THE PREFERRED EMBODIMENTS 
A preferred embodiment of a grinding machine according to the present 
invention will be described referring to Fig. 3 which shows an outline of a side view 



of the grinding machine according to the present invention. As shown in Fig. 3, a 
work spindle rotates a workpiece of a camshaft including at least one cam lobe W and 
one journal portion, and the cam lobe W is ground by grinding wheel G, rotating 
opposite direction to that of the workpiece, attached to a wheel head 5. 

Each end of the workpiece of the camshaft is clamped by chucks or centers 
attached to the work spindle of a work head and a tail spindle of a tail stock. A 
motor 35 attached to the work spindle rotates the camshaft around the axis J of the 
journal portion. The wheel head 5 rotatablely carries the grinding wheel G and 
advances/retracts by a motor 33 along a horizontal X-axis transverse to the axis of the 
work spindle at a right angle. The motor 33 is adjusted to the angle of the motor 35 
equivalent to the angle of the cam lobe W. The motors 35 and 33 respectively carry 
encoders 36 and 34. The motors 35, 33 and encoders 36, 34 are connected to a 
numerical controller 40. The numerical controller 40 synchronously controls both of 
the motors 35, 33 so that the wheel head 5 advances/retracts in simultaneous relation 
to the angle phase of the cam lobe W, whereby the cam lobe W is ground into non- 
cylindrical and eccentric profile. 

A wheel guard 30 is mounted on the wheel head 5 in order to guard the 
grinding wheel G and is equipped with a pipe 11 via a bracket B. The pipe 11 
connects a grinding fluid supply source, not shown, with a grinding fluid supply- 
nozzle 50. To reduce quantities of the grinding fluid to be supplied to the grinding 
point K, the grinding fluid is reliably supplied to the grinding point K, however the 
grinding point K moves according to the cam grinding according to the embodiment. 
The profile of the cam lobe W is made from base-circle portion and lift portion. 
While the base-circle portion is ground, the grinding point K is positioned in the 
horizontal plane including the axis of the work spindle and the axis of grinding wheel 
G. And, while the lift portion is ground, the grinding point K is positioned above the 
horizontal plane. 

One factor in the up/down movement of the grinding point K is the profile of 
the cam lobe W. Another factor is reduction of the diameter of the grinding wheel G 



8 

because of abrasion or truing. To these factors in the up/down movement of the 
grinding point K, the straight-nozzle 10 of the first prior art is hardly accommodated. 
Thus, the grinding fluid supply-nozzle 50 of the embodiment needs to be fixed as a 
grinding fluid supply point Pc, where the spouted grinding fluid reaches the abrasive 
surface of the grinding wheel G, is positioned upstream the grinding point K. 
Further, the grinding fluid supply-nozzle 50 of the embodiment is fixed to be able to 
supply grinding fluid to the grinding fluid supply point Pc upstream to the grinding 
point K to prevent the grinding wheel G, the workpiece W, the jig, etc. from 
interfering. Considering this interfering, the right angle-nozzle 20 of the second 
prior art has to be positioned pretty upstream the grinding point K so as to need to 
spout large quantities of the grinding fluid to be supplied thereto reliably. In 
contrast, the grinding fluid supply-nozzle 50 of the embodiment is able to supply the 
grinding fluid to the grinding point K reliably and to spout the grinding fluid in one 
direction, not to splash radially as explained hereinafter detailed. 

The grinding fluid supply-nozzle 50 forms an opening 51 in order to spout the 
grinding fluid to the grinding fluid supply point Pc at the angle 9 which is smaller 
than a right angle and equals to 30 degrees in the embodiment. There is disposed the 
grinding fluid supply-nozzle 50 which spouts the grinding fluid to the grinding fluid 
supply point Pc, not to be obstructed by the workpies W, etc^ The tip of the grinding 
fluid supply-nozzle 50 is laid down than that of the right angel-nozzle 20 of the prior 
art, whereby the downward space beside the tip of the grinding fluid supply-nozzle 50 
becomes larger than that of the right angle-nozzle 20 of the prior art. Therefore, the 
grinding fluid supply-nozzle 50 can be positioned closer to the grinding point K than 
the right angle-nozzle 20 of the prior art without being obstructed by the workpies W, 
etc. 

The position of the grinding fluid supply point Pc is determined on the surface 
of the grinding wheel G and upstream the grinding point K, which moves up and 
down, about the rotational direction of the grinding wheel G. Even in the case of the 
minimum diameter of the grinding wheel G where the grinding wheel has been 
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abraded up, it is determined that the position of the grinding fluid supply point Pc is 
maintained upstream the grinding point Ks about the rotational direction of the 
grinding wheel G. Therefore, the grinding fluid supply point Pc is always positioned 
upstream the grinding points, between the grinding point K in maximum diameter of 
5 the grinding wheel G and the grinding point Ks in minimum diameter of the same, 
about the rotational direction of the grinding wheel G. 

First and second embodiments of the profile of the grinding fluid supply- 
nozzle 50 will be described hereinafter with referring to Figs 4(A)/4(B) and 
5(A)/5(B), respectively. Each of Figs. 4(A) and 4(B) shows the first embodiment of 
10 the grinding fluid supply nozzle 50, wherein Fig, 4(A) shows its side view and Fig. 

4(B) shows the section view of the opening 51 thereof. Similarly, each of Figs. 5(A) 
and 5(B) shows the second embodiment of the grinding fluid supply nozzle 50, 
wherein Fig. 5(A) shows its side view and Fig. 5(B) shows the section view of the 
opening 51 thereof. 

15 In the first embodiment as shown in Fig. 4(A), the grinding fluid supply- 

nozzle 50 is made from the opening 51, a straight portion 52 of which tip forms the 
opening 51, and a curve portion 53 between the straight portion 52 and the opening 
51. The straight portion 52 provides uniform flow not to splash radially, where the 
opening 51 spouts the grinding fluid to the grinding fluid supply point Pc. The curve 

20 portion 53 makes the grinding fluid flow smoothly and in order, thereby to change 

flowing direction gradually. The section of the straight portion 52 or opening 51 in 
Fig. 4(B) forms a rectangle of which longer sides 55 are as long as the width of the 
grinding wheel G about its axis. And, the length of the straight portion 52 is about 
10 millimeters. 

25 According to the above-mentioned grinding fluid supply-nozzle 50 of the first 

embodiment, the grinding fluid is supplied through the pipe from the grinding fluid 
supply source, not shown, to the grinding fluid supply point Pc. In the grinding fluid 
supply-nozzle 50, the grinding fluid flows into the straight portion 52 not to be in 
disorder by passing through the curve portion 53 and spouts from the opening 51 to 
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the grinding fluid supply point Pc. Therefore, the grinding fluid spouts to the 
grinding fluid supply point Pc reliably, does not splash radially. 

Next, the grinding fluid supply nozzle according to the second embodiment 
will be described with referring to Figs. 5(A) and 5(B). In the second embodiment 
5 as shown in Fig. 5(A), the grinding fluid supply-nozzle 50 is made from the opening 
51, a taper portion 57 which tapers off to its tip of the opening 51, and a curve portion 
53 between the opening 51 and the taper portion 57. The taper portion 57 provides 
uniform and faster flow not to splash radially, where the opening 51 spouts the 
grinding fluid to the grinding fluid supply point Pc. The curve portion 53 makes the 

10 grinding fluid flow smoothly and in order, thereby to change flowing direction 

gradually. The section of the opening 51 in Fig. 3(B) forms a rectangle of which 
longer sides 55 are as long as the width of the grinding wheel G about its axis. And, 
in the section of the taper portion 57, the shorter sides of the rectangle taper off to the 
tip of the taper portion 57 at a forty-degree angle or less (each of numerals 56 

15 indicates twenty-degree angle or less). 

According to the above-mentioned grinding fluid supply-nozzle 50 of the 
second embodiment, the grinding fluid is supplied through the pipe from the grinding 
fluid supply source, not shown, to the grinding fluid supply point Pc. In the grinding 
fluid supply-nozzle 50, the grinding fluid flows into the taper portion 57 not to be in 

20 disorder by passing through the curve portion 53 and accelerates in the taper portion 
57, and then spouts from the opening 51 to the grinding fluid supply point Pc. 
Therefore, the grinding fluid spouts to the grinding fluid supply point Pc reliably, 
does not splash radially. Besides, the taper portion 57 makes the flow-speed of the 
grinding fluid be faster so that the flow-speed of the spouted grinding fluid becomes 

25 faster, whereby it becomes easier to break the air-flow following the rotating grinding 
wheel G and to supply the grinding fluid to the grinding point K without reducing the 
rotation force of the grinding wheel G. 

In the first and second embodiments, the flow-speed of the spouted grinding 
fluid from the opening 51 needs to break the air-flow following the grinding wheel G 
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and is faster than the speed calculated by Bemoulli*s Equation. Now, Vc, Va, pa, pc 

and 0 respectively represent; 

Vc: the flow-speed of the grinding fluid, 

Va: the air-flow-speed following the grinding wheel G, 

pa: the density of the air in one atmospheric pressure and twenty degrees 

centigrade, 

pc: the density of the grinding fluid in one atmospheric pressure and twenty 
degrees centigrade, and 

9: the angle between the tangent at the grinding fluid supply point Pc and the 
direction of the grinding fluid spouted from the grinding fluid-supply nozzle 50. 
The flow-speed of the grinding fluid Vc is calculated by the below-indicated 
inequality. 

Vc • sine > Va (pa / pc)'^ 
The direction of the extending line of the spouted grinding fluid crosses the plane 
including the axes of the work spindle and the grinding wheel G at near side of the 
workpiece W than the axis of the grinding wheel G, namely the angle 0 is smaller than 
a right angle as explained in prior arts. Now, where Va, pa, pc and 0 respectively 
determine 110 m/s, 0.1229 kgf•sVm^ 101.79 kgf sVm^ and 30 degrees, it is calculated 
that the flow-speed of the grinding fluid Vc is more than 7.6 m/s to break the air-flow 
following the grinding surface of the grinding wheel G. 

On the other hand, the quantities of the grinding fluid are calculated by the 
product of the flow-speed of the grinding fluid and the cross section-area of the 
opening 51. Where the flow-speed of the grinding fluid and the cross section-area of 
the opening 51 respectively determine 7.6 m/s and 60 mm^ (in the case that its height 
is 3 millimeters and width is 20 millimeters), the quantities of the grinding fluid are 
about 28 litters per minutes. Therefore, to break the air-flow of the grinding fluid 
following the grinding wheel G and to supply the grinding fluid to the grinding point 
K and Ks, the quantities of the grinding fluid are set more than 28 litters per minutes. 



12 

In the above-mentioned condition (Va = 110 m/s, pa =0.1229 kgf-sVm"^ and pc 
= 101.79 kgf-sVm'*), it is known that the third prior art of Fig. 5 with the straight- 
nozzle 10 and the right angle-nozzle 20 require a hundred and a few tens litters per 
minutes. According to the embodiments of the present invention, however, the 
quantities of the grinding fluid are able to reduce substantially. In addition, since the 
direction of the spouted grinding fluid leans to the rotational direction of the grinding 
wheel G, the motor torque of the wheel spindle reduces substantially. 

Although the embodiments of the present invention indicate the grinding . 
machine for grinding the cam lobe of the camshaft, it is possible to accommodate to 
the grinding machine for grinding an eccentric portion, for example a crankpin 
portion of a crankshaft, an offset rotor portion of a shaft of a compressor. 

While the invention has been described in detail with reference to the 
preferred embodiments, it will be apparent to those skilled in the art that the invention 
is not limited to the present embodiments, and that the invention may be realized in 
various other embodiments within the scope of the claims. 



